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INTRODUCTION
Growth hormone (GH) secretion in birds is mark¬ edly affected by thyroid status (Harvey, 1983a,b) . Hypothyroidism stimulates basal and stimulated GH release in vivo (Harvey, Sterling & Klandorf, 1983;  Harvey, Scanes & Marsh, 1984;  Harvey, Scanes & Klandorf, 1988) , whereas hyperthyroidism or exogenous thyroid hormones inhibit GH release (Harvey, 1983ft; Scanes, Denver & Bowen, 1986; Lauterio & Scanes, 1988; Scanes & Harvey, 1989a) . Thyroid hormones also suppress thyrotrophinreleasing hormone (TRH)-induced GH release from chicken pituitary glands in vitro (Scanes, Klandorf, Carsia & Perez, 1986) , suggesting a direct mechan¬ ism of action.
TRH is a physiological GH-releasing factor in birds (Harvey, 1983a; Klandorf, Harvey & Fraser, 1985) and is likely to stimulate GH release by binding to specific, high-affinity receptors on pituit¬ ary somatotrophs (Harvey & Baidwan, 1989) . Since the TRH-binding sites on mammalian thyrotrophs or adenomatous somatotrophs are down-regulated by thyroid hormones (Hinkle, 1984; Sharif, 1987 Sharif, , 1988 , the possibility that thyroidal inhibition of GH secretion in birds might be mediated by alterations in TRH binding has been examined in the present study. Such a mechanism might constitute a feed¬ back loop regulating GH release in birds, as GH stimulates the hepatic conversion of thyroxine (T4) to tri-iodothyronine (T3) and increases circulating T3 concentrations in chickens (Kühn, (Harvey & Baidwan, 1989 in an LKB 1219 beta scintillation counter. The data were analysed using LIGAND software (ElsevierBiosoft, Cambridge, Cambs, U.K.).
GH analysis
Concentrations of plasma GH were determined by specific, homologous radioimmunoassay as de¬ scribed previously (Harvey & Scanes, 1977) .
Statistical analysis
Significant differences in the results were deter¬ mined by analysis of variance or Student's i-test, wherever appropriate.
RESULTS

In-vivo studies
As expected, the thyroid glands in methimazoletreated birds (13-48 ±0-97 (S.E.M.) mg/kg body weight) were larger (P<0-01) than those in controls (9-06 + 0-6 mg/kg), whereas those in T4-treated birds (5-80±0-66 mg/kg) were smaller (P<0001). Similarly, circulating GH concentrations in the controls (214 + 3-8 pg/1) were lower (P<0-001) than those in methimazole-treated birds (38-6 + 4-7 pg/1), but higher (P< 0-001) than those following T4 treatment (5-3 + 1-7 pg/1).
In Hinkle, 1984) . The sensi¬ tivity of avian TRH-binding sites to T3 downregulation is comparable to that in mammals (Gershengorn, 1978; Perrone & Hinkle, 1978; Hinkle & Goh, 1982) Gershengorn, 1978; Hinkle & Goh, 1982) . The rapidity of this avian response is, however, consistent with the down-regulation of chicken pituitary TRH-binding sites by TRH (Harvey & Barry, 1988) , which also occurred well before down-regulation was observed in mammalian species. This finding is also in agreement with the rapid (within 20 min) blunting of the TSH response of quail to exogenous TRH following the i.m. administration of thyroid hormones (Parés-Herbuté & Astier, 1985) , which also occurred almost 4 h before that observed in rats.
The down-regulation of mammalian TRH-bind¬ ing sites involves a reduction in TRH receptor mRNA (Gershengorn & Straub, 1989) . However, as this occurs 3-6 h after exposure to TRH, it is unlikely to account for the rapid down-regulation of TRH-binding sites in birds, which may be due to rapid internalization of the TRH receptor. The rapid (within 20 min) down-regulation of binding sites for another peptide, epidermal growth factor, by internalization of the hormone-receptor complex (Halpern & Hinkle, 1984) (Osborn & Tashjian, 1982) that activate signal transduction pathways. Receptor phosphorylation has also been suggested to account for the rapid down-regulation of adrenergic receptors in mammals (Sibley, Benovic, Caron & Lefkowitz, 1988) .
The rapid down-regulation of TRH-binding sites in birds may be partly related to the dynamic changes in plasma thyroid hormone levels that occur in avian species. Birds lack the specific binding proteins found in mammalian circulation (Larsson, Pettersson & Carlstrom, 1985;  Decuypere and rapid changes in plasma T3 and T4 can occur , necessitating rapid responses in the feedback regulation of the hypothalamo-pituitary-thyroid axis.
The regulation of the hypothalamo-pituitarythyroid axis in mammalian species is thought to be primarily by T3 (Kaplan, 1984; Lamberton & Jackson, 1988) (Lam & Harvey, 1986;  Decuypere ), yet T4 failed to inhibit pituitary TRHbinding sites. The reason for this finding is uncer¬ tain, although T4 may also be monodeiodinated to reverse T3 (rT3) (Kaplan, 1984; , which has some antagonistic effects on T3 actions (Lynch, Bruton, Andrews & Moore, 1985; Han, Sato, Fujii et al. 1986 ) and is produced in birds at greater concentrations than in mammals (Donoghue, Perez, Diamante et al. 1989 ). T4 can, nevertheless, inhibit GH secretion in chickens in vivo (Harvey, 1983ft; , even in birds pretreated with iopanoic acid, which blocks conversion of T4 to T3 (Harvey, Klandorf & Scanes, 1990 (Harvey & Baidwan, 1989) , and while it is composed predominantly of somatotrophs, it is devoid of thyrotrophs or lactotrophs (Malamed et al. 1985) . Since the caudal lobe was used for most of the present studies, the results suggest that these TRH-binding sites are associated with GHsecreting cells. The down-regulation of these binding sites by T3 may, therefore, indicate a feedback mechanism in the regulation of GH secretion in avian species. TRH is a physiological GH-releasing factor in birds (Harvey, 1983a; Klandorf et al. 1985) , and basal and TRH-induced GH release are markedly suppressed by exogenous T3 (Harvey, 19836; 1988; Scanes & Harvey, 1989a) , the concentration of which is increased by GH (Kühn et al. 1987; 1988; Berghman et al. 1989 ). The up-regulation of TRH-binding sites and increased GH secretion in birds made hypothyroid by methimazole treatment is consistent with this hypothesis.
In summary, these results suggest that thyroidal (T3) inhibition of GH secretion in fowl is mediated, at least in part, by a down-regulation of pituitary TRH-binding sites and that this reflects a feedback mechanism in the regulation of GH secretion in avian species.
